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INTRODUCTION
Event-RelatedPotentialsofthehumanbrain(ERP)havebeenstud量edbya
signalaveragingtechnique.Inasingletria1,abrainpotentialrecordedonthe
scalpiscomposednotonlyof.ERP,whichistime-10ckedtosomeevents,butalso
ofon-goingbackgrounφbrainactivity(EEG).UsuallytheEEGislargeenoughto
obscuretheERP.Fo110wingthis,anaveragingcomputationismadeusingthese
singletrialbrainpotentials,whicharealignedwiththetimesoftheevents,and
thenanestimatedwaveformofERPisobtained.Thisestimateremainsvalidas
longastheERPdosenotvarybetweentrials,eventhoughitsamplitudesmaybe
verysma11,
TheERPisacceptedasaserialcompositionofseveralcomponents,eachof
whichisamallifestatiqnofthesynchronizedactivityofapopulationofneurons
(Donchin,1979).ERPcomponentsaregenerallycategorizedintotwoclasses;
"exogenous"and"endogenous"componehts(Donchin
,1979;Goffeta1。,1978;
PictonandStuss,1980;Shimokochi,1981;a,b,c).Whenthesamestimulusor
taskisrepetitivelygiveninanexperimentalsituation,exogenouscomponentsare
evokedwithoutvariancebetweentrials,fortheyareintrinsicandobligatory
.
responsesofthebraintosuchasensorystimulus.Theestimateswhichareob-
tainedbytheaveragingtechniquearevalid.正【owever,inthecaseoftheendo-
genouscomponentsofERP,(whichareevokedbythepsychologicaldemandsat
thetime,andwhicharerelatedtohumanactiveinformationprocessing)wecan
notassume.thattheydonotvarybetweentrials,eventhoughthesamestimulus
andtrialis.repeated.Thereasonisthatsomekindsofpsychologicalorper-
formallcefac仁orsmayactivelyorpassivelyfluctuatebetweentrials.Forinstance,
whena.taskisgiventoasublect,hemaywellattendtothestimulusofthetask
insometrials,but.inothertrialshemaynotdoso.Therefore,weshouldassume
thattheendogenouscomponents,whicharerelatedtothesepsychologicalfactors,
varybetweentrials.Ifthi6.'rassumptionistrue,theaveragingtechniquecannot
beusedtoestimatetheseendogenouscomponentsreliably,becauseitisbasedon
a"novariance"assllmption.Thentostudythem,itbecomesdesirabletoanalyze
singletrialbrainpotentialsdirectly.
Fromanotherpointofview,wecanseeanotherfaultintheaveragingtech一
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nique.Instudiesonendogenouscomponents,theaveragingofbrainpotentialsis
performedwiththeassumptionthatsingletrialsareclassifiedalongthedimen-
sionsofpriorcriterion(e.g.,modalityofsensorystimuli)orwithineach重evelof
factorsthataredeterminedbytheexperimenter(e.g.,theprobabilityofstimulus
presentation).Consequen晦,ifthetimingoftheendogenouscomponentsofERP
arevariedperiodicallyalongwithinthedimensionsoftheotherfactorsorvari-
ables(e.9.,habituat量ontothestimulusandsituation,orpracticeofthetask),they
canbecancelledoutbytheaverag圭ngtechnique,Sinceanysituationcontaininga
psychologicaltaskmayproducesuchunplannedendogenouscomponents,the
averagedwaveformscannotgiveanadequatedescriptionoftheERPinthesitu-
ation(alsoseeJohneta1.,1978).Forthisreason,ananalysisofthesingletrial
potentialisbetterforstudyingtheendogenouscomponentsofERPthanananaly-
sisbasedontheaveragingtechnique。
InordertoanalyzetheERPcomponentsillasingletrialrecording,thePrin-
cipalComponentAnalysiscanbeused.Itseparatesthebrainpotentialsintoa
smallnumberofbasicwaveforms(PrincipalComponents).Theseareautocorre-
latedsegmentsofthebrainpotentialsandareextractedfromtheeffectivevari-
ancesinthesituation(DonchinandHeffley,1978;Johnetal.,1978).Wecan
regardprincipalcomponentsasERPcomponentswhichcanbedescribedprecisely
andquantitatively.Moreover,bymeasuringthecompQnentscores,wecananalyze
therelationshipsthatex{stbetweenthemembersofthedata.Therefore,inorder
todeterminethepsychologicalvariablesoftheindividualPC,wecanutilizethe
componentScoreS.
Whenaguessingtaskisgiventoasubject,onecaneaslIyobtainaslowposi-
tivewaveinmostofthesingletrialbrainpotentialswhichareelicited〔since
theamplitudeiscomparativetylarge(about30-40μV),andthebackgroundEEG
isalwaysdesynchronized(NageishiandShimokochi,1980)〕.Therefore,.wecan
applyPCAtothedatasetofthesesingletrialbrainpotentials.
Bymeansoftheaveraglngtechnique,thesepositivepotentialshavebeena1-
readyidentifiedastheP300component(Suttoneta1.,1965).Itiswelldocu-
mentedthatP300isoneofthemostimportantendogenouscomponentsofERP
andthatP300isassociatedwiththehumaninformationprocessillgofthestimulus
(Donchin,1979;DonchinandIsreal,1980;Prichard,1981)..Inthisexperimental
analysisattentionisfocusedonthestructureandactivityofthiscompo亘ent.Itis
originallyreportedthattheamplitudeofP300(whichisthelargestpositivepeak
oftheaveragedwaveforms),islargerforanincorrectly-predictedstimulusthan
foracorr6ctly-predictedstimulus,whenP300isdetermined(Suttoneta1.,1965).
However,thisassumptionisnotentirelyacceptedduetotherecentinconsistent
experimentalresultsoftheguessingeffect(seePrichard,1981,andSuttonet
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al.,1978).Itismorelikelythatotherpsychologicalfactors,suchasthefrequency
ofthestimuluspresentationandtheincentivevaluesofthestimulusaremore
powerfuldeterminantoftheamplitudeofP300thanthepredictionoutcomes.
SincethepresentanalysiscanevaluatesomeeffectivevariablesoftheERPcom-
ponents,thepresentexperimentalanalysiscanbeananswertotheprevious
dilemma.
METHOD
PROCEDURE
Thesubjectsaregmal6students.
Binarysequencesofmonauralclicks(totherightorleftside),arepresented
atamoderateinteRsitysubstantiallyabovethreshold,throughastereo-earphone
(VictorSTH-2).Therightandleftclicksarepresentedinarandomorder.A
guessingtrialconsistsofaseriesofacueingflash,aguessingresponsebya
subjectandthenthepresentationoftherightorleftclick.Ifasubjectpredicts
tha仁aleftclickisgoingtobepresentedinagiventrial,hedepressesoneof
twobuttonsusinghisrig毎tforefingeraftertheflash,andifhepredictsaright
click,hedepressestheotherwithhisrightmiddlefinger.Theintervalbetweeh
theflashandtheclickisabout3sec.(1.5-4.5sec.)andapproximatelylto3sec.
betweenabutton-pressresponseandaclick.Thetrialsarerepeatedafterabout
15sec.intertrlalintervals(8-25sec.).Foursetsof30trials.arepresentedwith
abouta5min.latellcybetweentheblocksallowingthesubjecttorest,.(see
NageishiandShimokochi,1980).
RECORDING
ThescalpEEGisrecordedbyusingSANEIAg-AgCIelectrodesaffixedwith
EEGpaste(SANEIType700)atCz,accordingtothe10-20system,andtothe
conllectionstotheearlobesandtheforeheadaregrouロded.Anadditionalpairof
o
electrodesrecordstheeyebllnkandeyemovementpotentials.TheEEGandEOG
areamplifiedbytheSANEIIA52amplifier(timeconstantissetatO.3sec.and
theupperhalfamplitudedecayat60Hz.)andrecordedonmagnetictapesbya
FMrecorder(TEACR-260)forsubsequentoff-1ineanalysis.
DATA.ANALYSIS
Usingainicrocomputersystem(TEACPS-80),EEGandEOGofeachtrialare
digitizedeveryO.968msec.forapproximatelya600msec.periodafterthe
click.ThetrialswhichhaveEOGpotentialsofmorethan±80μVarediscarded
immediately.ThedigitizedEEG'sareaveragedusinga15pointsscale,which
smoothesthewaveform.Asaresult,40valuesforthebrainpotentials(which
areseparatedabout14.5皿sec.)havebeenrecordedineachtrial.Inorderto
canceloutthedifferencesbetweentheD.C.1evelsofthe.subjectsrecord,the
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meanamplitudeofthefirstandsecolldvalueofeachavailabletrialiscalculated
andbecomesthezerobaseline.Theflrsttrialineachblockisdiscarded孟11the
analysis,becauseweconsiderittobequitedifferentinnaturefromtheother
trials.Thelasttrialofeachblockisalsodiscardedbecauseitcannotbecatego-
rizedintheaddressingdimension(variableC).Thebrainpotentialsfrom894
trials(from75to111trialspersubject)cannowbeanalyzed.
Usingacomputersystem(OsakaUniversity,ACOS-1000SYSTEM),thedata
arerunthroughPCAwhichiscomputedfromthecorrelationmatrixandthe
variance℃ovariancematrixamongthebrainpotentialsatfixedtimepointsasthe
associationmatrixes(DonchinarldHeffley,1978).Then;theprincipalcomponents
(PCs),whicharelargerthanthemeanofthevarianceateachofthetimepoillts,
arefurtherrotatedusingaVarimaxrotation(Kaiser,1959).Standardizedcom-
ponentscores(Shiba,1972;E13,meanvalue=0,S.D.=±1.0)arecalculatedfor
eachofthebrainpotentialsandforeachPC.Thesecomponentscoresofeach
subjectareaveragedforeachvariable.Theyareevaluatedbyboththettestand
byananalysisofvarianceoftherepeatedmeasures.
RESIJI、TSANDDISCUSSION
THEPREDICTION-OUTCOMES
Thepercentageofcorrectly-predictedclicksforeachsubjectisbetween44%to
56%ofhistotalpredictions(mean=52%),indicatingthatthereisnosignificant
tendencytowardmakingeitheraniRcorrectpredictionorcorrectprediction.
PRINCIPALCOMPONENTANALYSIS
InordertoidentifytheendogenousERPcomponents,PCAisperformed.The
PCAhasbeenadoptedtomanykindsofaveragedERPdataandithasbeenshown
thatitisbestfortheERPcomponentanalysis.
VARIMAXROTATION
UsuallyextractedPCsarerotatedbyavarimaxmethod,butRδslerandManzey
(1981)proposedthattheyshouldnotberotatedforERPstudies.However,inthe
presentsingletrialanalysiswedoperformtherotationonthePCs,becausethe
componentloadingsofpre-rotation(Fig.1)didnotrepresentthefeaturesofthe
ERPcomponents.BecausePC2showedabroadpeakofpositiveloadings,itcan
beidentifiedasanERPcomponent,butsincetheotherPCsshowedbothpositive
andnegativepeaksofloadings,theycannotbeidentifiedasERPcomponents.
MATRIX
MostofthePCAappHcationsuseacorrelationmatrix,butinthecaseofthe
ERPdata,manyresearchersproposeusingthevariance-covariancematrix
(DonchinandHeffrey,1978).Thedifferencebetweenthesetwomatrixesis
whetherornotthedatatobeanalyzedisstandardized,Sincea11variablesinthe
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Fig.1Pre-rotationcomponentIoadingsofthe10PCswhichareextractedbythe
PCAforsingletrialbrainpotentials(n魑894).Theyarecomputedfromthe
variance-covar量ancematrix.Thenumbersofpercelltshowaccountedvariances
oftheindividualPC,andthenumbersofthePCsreferstotheafter-rotated
componentIoadings.Atthetopgrandmeanwaveformisshown.
ERPdatahaveamplitudesateachtimepoillts,standardization量snotnecessary.
However,thepresentdatainvolvethepotentialsofboththeexogenousandendo一
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2After-rotatedcomponentloadingsofthe10PCswhichareextractedbythe
PCAforsingletrialbra玉npotentials(n=894).Thesolidlinesrepresentthe
.com
ponelltloadingsfromthevariance-covar三allcematrixandthedott6dlines
repreSentthecomponentloadingsfromthecorrelationmatrix.Thenumbersof
percentshowaccountedvariancesoftheindivid.ualPCfromtheformermatr{x.
Atthetqpgrandmean～vaveformisshown.
genous.ERPcompononts.Thesetwocompollelltshaveanentirelydifferent.vari-
ance;theexogenouscomponentsdonQtvary.whiletheeロdogeロouscompone耳tsdo
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varyacrosstrials.Inotherwords,twopotentialsareessentiallydifferenteach
otherindegreeandintheirpropertiesofvariance.Therefore,wecancompare
thePCAresolutionsofthecorrelationmatri文andthevariance-covariancematrix.
TenPCscanbeextracted.and.theρomponent.10adingsareessentiallynotdifferent
(seeFig.2).ThePCAfromthevariance-covariancematrixanditsresolutionis
describedinthefollowingsection.
.COMPONENTLOADINGS
ThesolidlinesillFig.2representtherotatedcomponentloadingsofthePCs
whichareextractedbythePCAofthevariance-covariallcematrix,Theycan
accountforabout84%of.thetdtalvariance.ThenumberofthePCs(10)is
ratherlarge,andthevariancewhichisaccountedforbyoneofthePCsisrather
sma11(11.3-5.9%).Thesefeatロre§ofthee)gtractedPCscanbeinterpretedin
conjunctionwiththehomogeneityofdata(Yanai,1974).Inthisexperimentallof
thesingletrialbrainpotentialsareelicitedbythesametask-relevantstimuli(the
guessedclicks),andthey.arerecordedatthesam.elocation(Cz),andmostof
theminvolvealargepositivewave。Themaximumcompollentloadingsofanin-
dividualPCarewellrestrictedwithinanarrowlatency-range,andtheydonot
overlaptheotherPCs...Therefore;WecanorderthesePCsinasequencebythe
latencyoftheirmaximumloadings.AsshowninFig.2,theyshowaclearseria1
コサ
compOSltlon.
STRUCTURALANALYSIS
Inth♀grandmeanwaveform,wecanonlyfindafewpeaksthatcorrespondto
thepeaksofthecomppnentIQadings.andthei.rlatency-times(Fig.2).Therefore,
inordertorecognizethepropertiesofthesePCsandthefeaturesofthevariances
by.whichtheyareextracted,weaveraged.thesingletrialbrainpotentialsinre-
gardstothevaluesofthecomponentscores..FortheindiVidualPC,thefour
averagedwaveformsarepresentedinFig.3.Theyarethewaveformscalculated
fromthebrainpotentialscomponentscoreswithillthefourclasses(z>+.67,十.67
≧z>0,0≧z>一67,andz≦ 一.67)....・..The..timeLlocationsshowingmaximumdiffer-
encesareveryorderly,andtheycorrβspondtotallywiththetimelocationswhere
thePCsloadedmaximally(Fig.3).Thiscorrespondenceprovesthevalidityof
thisPCA.
Thepeak:ofthecomponentloadingsofPC9correspondswellwiththenegative
peakatthe110msec.1atencyinthegrandmeanwaveform(thetopofFig.2).
Conseque血tly,wecanidentifyPC9astheN100(orN1)component.Thisidentifi一.
cation.isst;onglysupportedbythevariationsofitsaveragedwaveforms(PC9at
Fig.3).ThecomponentscoresofPC9increasesininverseproportiontotheam-
plitudesofthisnegativepeak.Thevariancethat.contributestothePC9isthe
varianceintheamplitudes.LikewisewecallidentifyPC6astheN420component.
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Fig.3Averagedwaveformofthebrainpoten亡ia董scalcu!atedfromthecomponent
scoresofthePCs(PC1-PC10).Atthetime-10cationwhere4waveformsshow
anexplicitdifference,themostupper(negative)linesrepresentthewave-
formsaveragedforthebrainpotentialsthatstandardまzedcomponen亡scoreis
largerthanO.67,themiddle-upperlinesrepresentlargerthanOandlessthan
十 〇.67,themiddle-10werIinesrepresentlargerthan-0.67andlessthanO,
andthelowest(positive)Iinesrepresentlessthan-0.67.Singletrialbraill
potentialsareaveragedwithinasubjectandthentheyareaveragedacross
thesubjectswithequalweight,ExceptforthelowestIineofPC2(n扁8),
theyareobtainedfromallsubject(n=9).
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Withinthelatencyrangeoftheslowpositivewaveofthegrandmeanwave-
form,thefourPCs(PC8,PC2,PCIandPC3)areextracted(Fig.2).Whilewe
canonlyfindonepositivepeakinthegrandmeanwaveform,theaveraged
waveformsofbothPC2alldPCIshowlargepositivepeaksatthepositionwhere
theircomponentscoresarethesmallest(z≦一 〇.67),asshowninPC2andPCl
atFig.3.Therefore,itiscorrectthattheyareattributedtothevarianceinthe
amplitudesofthedifferentpositivepeaks.TheycanbeidentifiedasP200(orP2)
andP300(orP3),respectively.
PC8islocatedatthelatencyrangeofthedescendingslopeofthes工owpositive
potential(Fig.2),andtheaveragedwaveformsofthisPC(Fig.3PC8)donot
showanydistinctpeaks.ItisquestionablewhetherPC8isextractedfromthe
varianceinthelatenciesoftheslowpotentialorfromthevarianceintheam-
plitudesofanendo倉enouscomponentwhichdevelopesinthislatencyrange.For
thefollowingreasons,wepreferthelatterinterpretationandPC8isidentified.aS
anendogenouscomponent,calledtentatively,theX150component;1)Itisall
independentvariancefromthevariancesintheamplitudesofP200andP300.2)
Intheothercase(z>十.67)theaveragedwaveformshowsalargernegativepeak
atthe140msec.IatencythantheN100peak(Fig.3PC8).3)Itisalreadyknown
thatattentionrelatednegativity,whichisanendogenouscomponentofERP,
developesintheselatencies(seeNaatanenandMichie,1979),a且ditisconsidered
thatasubjectselectivelyattendstotheclicksinsometrialsbutnotinother
trials.
Ontheascendingslopeofthisslowwave,thecomponentloadingsofPC3and
thedifferencesinitsaveragedwaveformsareobserved.SimilarlytoPC8,wecan
attributePC3tothevarianceinamplitudesofanendogenouscomponent,tentatively
calledtheX350component.However,sinceanendogenouscomponentinthis
latencyrangehasnotyetbeenreported,itmustbeexaminedbyafunctional
analysis.Itseemsthatthepotentialchangesfrom150to350msec.ofthelatencies
canbeseparatedintofourcomponentsofERP.
Althoughwecanonlyfindonepositivewaveinthegrandmeanwaveform
around500msec.latellcy,thePC4andPC5couldbeextractedfromPCA(Fig.2).
Somevariablesareinfluencedbythispositivepotentia1,andareseparatedinto
twoPCs;PC4(P500)andPC5(P550).
TheaveragedwaveformsrelatedtoPC10(Fig。3PC10)showsboththenegative
andpositivepeaks.However,sincethesmallpositivewaveinthisrange(about
701nsec.)isreportedtobePIfromanalySisoftheaveragedERP(e,g。,Pictonet
a1.,1974),wecanidentifyPC10asthisPIcomponent.ForPC7,wecannotstate
anything,becauseitiswellknownthatinthisrange(below50msec,)thescalp
potentialsevokedbyanauditorystimulusareconcomitaロtwiththemyogenic
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potentials(Goffeta1.,1977;Pictoneta1.,1974).Thesecomponentsaresum-
marizedinthetoprowsofTable1.
FUNCTIONALANALYSIS
5'〃ψ166ガ θo's
ForthesePCsweexaminethefollowingpsychologicalvariableswhichcan
influencethebetweentrialresultsforthistask.Thetrialthatindllcesthecom-
pollentsofthebrain-potentialisindexedasTrialn.
A;correctness(A1)andincorrectness(A2)oftheprediction-outcomesinTrialn
(theguessingeff←ct)。
B;nonalternatiol1(B1)anda工terllation(B2)ofthesubject'spredictionsfromTrial
I1-1toTrialn.
C;nonalterrlation(C1)andalternation(C2)ofthesubject'spredictionsfromTrial
ntoTrialn十1.
D;same(D1)anddifferent(D2)sequencesoftherightorleftstimulifromTrial
n-1toTrialn(thesequentialeffect).
E;early(E1)andlate(E2)trialsintheexperimentalsession.(EIconsistsofthe
trialsinblockland2,whileE2consistsofthetrialsinblock3and4).
Meansofthestandardizedcomponentscoresforthefivevariablesarepresented
inthemiddlerowsofTable1.Thefourteenpairsaresignificantlydifferent(t
testdf=8).ThesevariablesinfluenceatleastoneofthePCs.AsTablelshows,
onevariable(A,B,CandD)iseffectiveon .morethanonePC,andonePC
(PC8,PC2andPC1)isinfluencedbymorethanonevariable.
1η'6700ガoηs
Afterexaminingthei且teractionsbetweenthesetwovariables,oply.twointe-
ractionswerestatisticallysignlficant(seethebottomsofTable1).
丁肋9勿6s蜘9の アθ6'
Fromtheseresultsweexaminetheguessingeffectfirst.ItinfluencesP200,
P300,X350,N420andP550(Table1).Fig.4presentsacomparisonbetweenthe
averagedwaveformsbasedonvariableAandthecomponentloadingsofthese
fivePCs.Inthefigure,thesefivePCscorrespondtothedifferenceintheiram-
plitudes.ThisindicatesthatthesePCsaremainlyproducedbytheguessing
effect.Inthisfigure,nearlyallthepartsoftheERPwaveformareinfluenced
bythisvariablebutthedirectionoftheir.differencesisinverseforthelatencies.
AtthepeakofP300,theamplitUdesoftheaveragedwaveformforincorrectpre-
dictionsislargerthanforcorrectpredict量ons,butthedifferenceisquitesma11.
Moreover,thepotential$ofthecomponents(P200andX350),beforeandafter
P300,becomemorepositiveforthecorrectly-predictedstimulithanforthein-
correctly-predictedstimuli.Inthegrandmeanwaセeforms(thetopofFig.4),the
amplitudeofP200isnearlyaslargeasthepeak-amplitudeofP300.Thesetwo
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Fig.4Theguessingeffect.ThegrandmeanwaveformsrelatedtovariableAare
shownatthetop.InthebottomthecomponentloadingsofthePCseffective
onthisvariablearealsopresented.
componentssomewhatoverlap(seePC2andPCIofFig.3).Therefore,wedonot
clearlyobtaintheguessingeffectonP300amplitudesbymeansofaveraging
technique,becausethepeakamplitudesinP300arebecomingsmallduetothe
oppositepolarityofP200andX350.Suttoneta1.,(1978)reportsthatthepotentials
atlatency200msec.aresignificantlymorenegativefortheincorrectly-predicted
stimlusthanforthecorrectly-predictedstimulus.Consequently,thediscrepant
resultsoftheguessingeffectfortheamplitudesofP300(seePrichard1981and
Suttoneta1.,1978)canbeinterpretedbythis.
丁乃θ00〃ψ0ηθ%'SO∬00'0'θ4ω励 μ 伽7θ6θ 乃砺07
TheeffectofvariableCisassociatedwiththeintentionofthesubject.Thatis
unexpected.ThecomponentscoresofPCIsignificantlyinteractwithvariableB
andC(F(1,8)=40.70p〈 。001;Table1).AsshowninFig.5,theamplitudesin
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Fig.51nteractionofthevariableBandC.Thegrandmeanwaveforms;theupper
waveformsareatBIvariableandthelowerwaveformsareatB2variable.
ThethicklinesrepresentCIandthethinlinesrepresentC2.Atthebottom
thecomponentIoadingsofPCIarealsoshown.
P300arelargerwllenthesubjectalternateshispredictionfromthepreceding
trialstothepresentone(B2)buthedoesnotalterthepredictionforthenext
tria董(C1).Insummary,ifPCIismorepositive,ifX150ismorenegative,an4
thenifP300isIesspositivewhenhispredictionisalternated(atthecaseB2),
thesubjectstendtokeepalteringtheirpredictionsonthenexttrial.
Itisquestionablewhetheracommonfactor(e.g.,motivationforthetask)influ-
encestheamplitudesofthesecomponentsandnextpredictionsofasllbject,or
whetherthelargepotentialofthesecomponelltsmakesasubjectalternatesub-
sequentpredictions,However,thisisnotyetdetermined.
丁勿Xoo〃 ψoπθπ渉s
Thepotentialinthelatencyofabout150msec.categorizedasX150,ismore
negat三ve,ifasublectaltershispredictionsfromtheprecedingtria1(variableB),
andifhealtershispredictionsonthenextones(variableC),andifthestimulus
isalterhatedfromtheprecediエ1gtrial(variableD),andifheisnotmotivatedto
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Fig.61nteractionofthevariableAandB.Thegrandmeanwaveforms;theupper
waveformsareatAIvariableandthelowerwavefomlsareatA2variable.
ThethicklinesrepresentthewaveformsofBIandthethinlinesrepresented
thewaveformsofB2.AtthebottomthecompollentIoadingsofPC3arealso
shown.
dothis.task(variableE).Inalloftheabovecasesthesubjectattendstothe
stimulus,andX150istheERPcQmpQnentgenerallyreferredtoasattention
relatednegativity(NaatanenandMichie,1979)asdiscussedbefore.
AsshowninFig.4,thepotent量alsofX350aremorenegativewhenthepre二
dictionsresultinincorrectoutcomes.TheinteractionbetweenvariableAand.B
issignificantonthecomponentscoresofPC3(F(1,8)漏9.19,p<.025).Asshown
inFig.6,thepotentialsofX350aremorellegativewhenthepredictionswhicha
subjectalteredhispredictions.fromtheprevioustrials(B2)resultinanincorrect
outcome(A2).Therefore,thiscomponentcanberegardedasanERPcomponent
whichisassociatedwithcognition(knowledgeofthethepredictionoutcomes).IIl
conclusion,bothX150andX350are.probablynegativeendogenouscomponentsof
ERP.X150組ightbeanattention-responsetoapresentedstimlusbutX350is`pro-
bably.acognitiveresponsetothepredictionoutcomes,
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Thelastpositivewavesofthegrandmeanwaveformareindependentlyiden-
tifiedas.P500andP550..OnthetopofFig、4,inresponsetotheincorrectly-
predictedstimuli,thecomponentscoresofPC4andPC5aresmallerforthecor-
rectly-predictedstimulithanfortheincorrectly-predictedstimuli(variableA.at
Table1),althoughthey.arenotsignificantlydifferentinthecaseof.PC4.The
variableinprediction-alternationfromtheprevioustrials(variableB)illflue皿ces
P500,butitdoesnotinfluenceonP550..Thiseffectcontributesmai111y.tothe
differeRtiationbetween'thetwocomponents.AsshowninTable1,P200,P300,
X350,N420andP550areallaffectedbytheidenticalvariable(theguessingeffect).
Sincemostofthemarealsoaffectedbythe.othervariables,theyareidentified
asindependentcomponentsofERP(refertoPictonandStuss,1980).Finally,we
ca鷺saythatthesevariablesandafewunknownyetpresentvariablesinthis. ask
producedthesecomponentstructuresoftheERPandthat.thedifferences.in.the
effectivevariablescontributetothedifferentiationsoftheERPcomponents.
ByusingthePCAonthesingletrialbrainpotentials,manyERPcomponents
activeinthistaskcouldbedetermined.Inotherwords,portionsofthepotentia1-
continuumareidentifiedasERPcomponents,iftheyvarybothautocorrelatedl夕
anddiScretelybetweentrials.Someoftheidelltifiedcomponents(X350,P500and
P550)havenotyetbeendescribedusingthestandardaveragingtechnique,but
theyareassociatedwithsomepsychologicalfactors。Inconclusion,theaveraging
technique(whichisrestrictedbydimensionsorconcerns)obscures.someERP
componentswhich血reactiveandsignificantinasituation.Therefore,inorder
toidentifydescribingendogenouscomponentsofERP,theapplicationofthePCA
techniqueisbetterchoiceatleastuntilthefactorsorvari3bleswhichaffectthem
arew611understood.
SUMMARY
Thepurposeofthepreselltdataanalysisistofindtheehdogenouscomponents
ofhumanEvent-RelatedPotential(ERP)inasingletrialEEGrecordingandthe
relatedeffectivepsychologicalvariablesofthecomponents.UsuallyERPcom-
ponentsareidentifiedbyananalysisoftheestimat6dERPwaveformsbymeans
ofthesignalaveragillgtechnique,butinthepresentanalysisitisperformedby
thePrincipalComponentAnalysis(PCA)ofthesingletrialbrainpotentials.The
reasonforthisPCAapplicationisthattheendog.enouscomponentswhichare
relatedtothepsychologicalfunctionsarefluctu皐tingautocorrelatedly.anddistinctly
inthepotentialcontinuum(=ERPwaveform)betweentrials.
PCAfromthevariance-covariancematrixisperformedonthedatasetof894
singletrialbrainpotentials(n=9).Thisiscollectedduringaguessingtask.Ten
PrincipalComponents(PCs)areextractedandcanaccountforabout84percent
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ofthetotalvariance.Fromtheactivelatencyrangeoftheafter-rotatedcom-
ponentIoadingsofthesePCsandtheERPwaveforms(whichareaveraged脚ith
thesingletrialbrainpotentialswithrespecttotheircomponentscores)wecould
identifymostofthePCsastheendogenous.components(N100,.X150,P200,P300,
X350,N400,P500,andP550).Wecanthenconfirmedtheutilityofthismethod
byapplyingPCAonthedatasetofthesingletrials..Moreover,fromtheanalysis
oftheircomponentscores,somepsychologicalfactorsaffectingthesituation(the
guessingeffect,thesequentialeffectandtheeffectofthealteredpredictions)
canbeidentified.Inconclusion,asingleERPcomponentissometimesinfluenced
byoneormorefactorsandthatasinglefactoriseffectiveononeormore
endogenouscomponents,therebyindicatingthatthesecomponentstructuresof
endogenousERPcomponentscanbeproducedbythepsychologicalfactorswhich
areactiveinthesituations.
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